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(54) Turbocharged engine with exhaust gas recirculation 



(57) A turbocharged internal combustion engine as- 
sembly with exhaust gas recirculation (EGR) includes 
an air compressor driven by an exhaust turbine, an EGR 
line that diverts exhaust gases from an exhaust line 
leading from the engine to an air intake line leading to 
the engine from the compressor, and a combustion by- 
pass line that conveys compressed air from the com- 
pressor to the exhaust turbine without combustion. A 
pressure adjusting feature disposed along at least one 



of the air intake line and the exhaust line maintains the 
pressure at the turbine inlet below the pressure at the 
compressor outlet and above the pressure at the air inlet 
of the engine. Examples of suitable pressure adjusting 
features include a venturi placed in the air intake line at 
the second point, a power turbine located along the ex- 
haust line downstream of the exhaust turbine, a split ex- 
haust manifold feeding unequal turbine inlets, and an 
orifice located along the exhaust line between the EGR 
line and the bypass line. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates generally to the 
field of internal combustion engines and, more particu- 
larly, to turbocharged Internal combustion engines with 
exhaust gas recirculation (EGR). 

2. Description of the Background Art 

[0002] Turbocharging is a well known method for in- 
creasing power output from an internal combustion en- 
gine. In a typical turbocharged engine, a turbine uses 
energy from exhaust gases to power a compressor. This 
increases the pressure of the air supplied to the engine 
so that higher cylinder pressure can be achieved there- 
by Improving the performance of the engine. 
[0003] While improvements In engine performance 
are desirable, it is also important for an engine to comply 
with existing emissions requirements. One way in which 
emissions are reduced to acceptable levels is through 
the use of exhaust gas recirculation (EGR) wherein a 
conduit connects the exhaust manifold to the intake 
manifold to allow exhaust gas to be recycled through the 
engine. In this manner, exhaust species which are still 
rich in nitrogen are reintroduced to the engine, lowering 
NO x emissions levels by lowering flame temperature. 
[0004] I n view of the desire for improved performance 
and the need for reduced emissions, it is not surprising 
that turbocharged internal combustion engines with 
EGR are known in the art. In one engine of this type, 
exemplified by U.S. Patent No. 3,925,989 to Pustelnik, 
a compressor is driven by a turbine connected to the 
exhaust manifold to pressurize intake air for the engine, 
and an EGR manifold is connected between the exhaust 
manifold and the intake manifold to recycle exhaust gas- 
es back to the engine to reduce emissions. The EGR 
manifold includes a one-way valve or a series of valve 
arrangements to prevent the pressurized intake mani- 
fold air from backflowing into the exhaust manifold, and 
an EGR control system monitors the differential pres- 
sure between the intake and exhaust manifolds. When 
a predetermined pressure differential is established be- 
tween the intake and exhaust manifolds, the EGR man- 
ifold valve opens to recycle exhaust gases. 
[0005] A disadvantage of turbocharged internal com- 
bustion engines with EGR of the above type is that di- 
version of exhaust gases through the EGR manifold 
tends to reduce air flow through the compressor. Since 
compressor map width (i.e., the range of mass airflow 
over which the compressor is fully functional) decreases 
with increasing compressor pressure ratio for a given 
engine speed, any reduction in airflow through the com- 
pressor will tend to result in a reduction in surge margin 
thereby increasing the likelihood of compressor mal- 



function when there are changes in the air inlet temper- 
ature and/or the amount of air flowing through the com- 
pressor especially at low engine speeds. Compressor 
choke problems can also occur at rated load and speed. 

5 [0006] In a variation of the above system, exemplified 
by U.S. Patent No. 4,21 5,550 to Dinger et al., a bypass 
line extends from the intake manifold to a combustion 
chamber from which it separates into two branches that 
connect with the exhaust manifold and the EGR mani- 

10 fold, respectively, so that intensely preheated gas from 
the combustion chamber can be mixed with recycled ex- 
haust gases to overcome unfavorable ignition condi-. 
tions. While this approach may improve the ability of an 
engine to start under extreme conditions, the addition of 

15 a combustion chamber increases the cost and complex- 
ity of the system and may also reduce efficiency and 
surge margin by significantly increasing pressure ratios. 
[0007] Thus, there remains a need in the art for im- 
provements in turbocharged internal combustion en- 

20 gines with EGR. 

SUMMARY OF THE INVENTION 

[0008] The above-mentioned disadvantages of the 
25 prior art are overcome with the present invention, one 
aspect of which is generally characterized in a turbo- 
charged internal combustion engine assembly with ex- 
haust gas recirculation (EGR) including an air compres- 
sor driven by an exhaust turbine, an air intake line for 
30 conveying air from the compressorto the engine, an ex- 
haust line for conveying exhaust gas from the engine to 
the exhaust turbine, an EGR line extending from a first 
point on the exhaust line downstream of the engine to 
a second point on the air intake line upstream of the en- 
35 gine, a combustion bypass line extending from a third 
point on the air intake line upstream of the exhaust gas 
recirculation line to a fourth point on the exhaust line 
downstream of the exhaust gas recirculation line, and a 
pressure adjusting feature disposed along at least one 
40 of the air intake line and the exhaust line to maintain the 
pressure at the fourth point below the pressure at the 
third point and above the pressure at the second point. 
Examples of suitable pressure adjusting features in- 
clude a venturi placed in the air intake line at the second 
45 point, a power turbine located along the exhaust line 
downstream of the exhaust turbine, a split exhaust man- 
ifold feeding unequal turbine inlets, and an orifice locat- 
ed along the exhaust line between the EGR line and the 
bypass line. 

so [0009] Another aspect of the present invention is gen- 
erally characterized in a method of operating a turbo- 
charged engine assembly with exhaust gas recirculation 
including the steps of feeding exhaust gas from the en- 
gine to an exhaust turbine via an exhaust line, com- 
55 pressing air with an air compressor powered by the ex- 
haust turbine, feeding compressed air from the air com- 
pressor to the engine via an air intake line, providing an 
exhaust gas recirculation line between a first point on 
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the exhaust line downstream of the engine and a second 
point on the air intake line upstream of the engine, pro- 
viding a combustion bypass line between a third point 
on the air intake line upstream of the second point and 
a fourth point on the exhaust line downstream of the first 5 
point, and adjusting the pressure in at least one of the 
air intake line and the exhaust line such that the pres- 
sure at the fourth point is below the pressure at the third 
point and above the pressure at the second point so that 
a first portion of the exhaust gas from the engine is 10 
mixed with a first portion of the compressed air from the 
compressor for combustion in the engine and a second 
portion of the compressed air is diverted from the air in- 
take line to the exhaust line without being combusted. 
In one embodiment, the pressure adjusting step in- 15 
eludes the step of passing the first compressed air por- 
tion through a venturi so that the second exhaust gas 
portion is mixed with the first compressed air portion in 
the venturi. In another embodiment, the pressure adjust- 
ing step includes the step of driving a power turbine with 20 
exhaust gases from the exhaust turbine via an extension 
of the exhaust line and connecting the combustion by- 
pass line with the exhaust line extension. In yet another 
embodiment, the pressure adjusting step includes the 
steps of feeding exhaust gases from a first set of cylin- 25 
ders to a first turbine inlet and feeding exhaust gases 
from a second set of cylinders to a second turbine inlet. 
In still another embodiment, the pressure adjusting step 
includes the step of passing exhaust gases from the en- 
gine through an orifice in the exhaust line such that the 30 
pressure downstream of the orifice is lower than the 
pressure upstream of the orifice. 
[0010] Some of the advantages of the present inven- 
tion over the prior art include the ability to operate a tur- 
bocharged engine with EGR at lower engine speeds 35 
without surge problems and at rated load and speed 
without compressor choke problems, improvement in air 
to fuel ratio, simplified construction, and increased pow- 
er output. 

[0011] The above and other features and advantages 40 
of the present invention will be further understood from 
the following description of the preferred embodiments 
thereof, taken in conjunction with the accompanying 
drawings wherein like reference numerals are used 
throughout the various views to designate like parts. 45 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

50 

FIG. 1 is a schematic diagram showing a first em- 
bodiment of a turbocharged engine assembly with 
exhaust gas recirculation according to the present 
invention. 

FIG. 2 is a schematic diagram showing a second 55 
embodiment of a turbocharged engine assembly 
with exhaust gas recirculation according to the 
present invention. 



FIG. 3 is a schematic diagram showing a third em- 
bodiment of a turbocharged engine assembly with 
exhaust gas recirculation according to the present 
invention. 

FIG. 4 is a schematic diagram showing a fourth em- 
bodiment of a turbocharged engine assembly with 
exhaust gas recirculation according to the present 
invention. 

FIG. 5 is a fragmentary schematic diagram showing 
a venturi bypass line that may be used in a turbo- 
charged engine assembly with exhaust gas recircu- 
lation according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] A first embodiment of a turbocharged internal 
combustion engine assembly 1 0 with exhaust gas recir- 
culation (EGR) according to the present invention is 
shown in FIG. 1. The engine assembly 10 includes an 
internal combustion engine 1 2 with at least one cylinder 
in communication with an air inlet 14 and an exhaust 
gas outlet 16, and a turbocharger having an air com- 
pressor 18 driven by an exhaust turbine 20. The com- 
pressor includes an air inlet 17 and a compressed air 
outlet 19. The exhaust turbine includes a gas inlet 21 
and a gas outlet 23. An air intake line 22 leads from the 
compressor outlet to the engine inlet via a first cooler 
24, and an exhaust line 26 leads from the engine outlet 
to the exhaust turbine inlet. An EGR line 28 for recycling 
exhaust gases branches off from a first point 30 on the 
exhaust line to connect with the air intake line at a sec- 
ond point 32 via a second cooler 34. A valve 36 is pro- 
vided along the EGR line upstream of the second cooler 
to control the amount of exhaust gas that is recycled 
through the engine. The components, as thus far de- 
scribed, are conventional and well-known in the art. Ac- 
cordingly, no attempt is made herein to provide a de- 
tailed description of these components. Details of such 
components are available in numerous publications and 
patents including, by way of example, U.S. Patent Nos. 
3,925,989 to Pustelnik and 4,215,650 to Dinger et al. 
[0014] In accordance with the present invention, a 
combustion bypass line 38 is connected between the 
compressor outlet 19 and the turbine inlet 21 , and the 
turbine inlet geometry is chosen such that the pressure 
at the inlet is lower than the pressure at the compressor 
outlet so that compressed air can be made to flow from 
the compressor directly to the turbine without combus- 
tion. More specifically, the bypass line 38 extends from 
a third point 40 on the intake line 22 upstream from the 
second point 32 to a fourth point 42 on the exhaust line 
26 downstream of the first point 30. A valve 44 is pro- 
vided along the combustion bypass line 38 to control the 
amount of compressed air flowing from the compressor 
18 to the turbine 20. In addition, a venturi 46 is disposed 
along the air intake line 22 downstream of the cooler 24 
and the EGR line 28 is connected with the air intake line 
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at the venturi. 

[001 5] In operation , an engine control unit (not shown) 
preferably monitors one or more operating parameters 
of the engine (e.g., airflow, compressor pressure ratio, 
engine speed, etc.) and controls the valves 36 and 44 
based on certain predetermined conditions. The engine 
control unit preferably includes a microprocessor con- 
figured to receive signals from sensors measuring en- 
gine operating parameters, to determine whether cer- 
tain predetermined conditions exist using the measured 
parameters, and to output signals that control the valves 
in an appropriate manner. Alternatively, various electri- 
cal, mechanical and electromechanical control mecha- 
nisms can be used to control the valves in response to 
predetermined conditions. 

[001 6] The engine 1 0 is preferably started with the by- 
pass valve 44 and the EGR valve 36 closed; although, 
in a less preferred embodiment, one or both of these 
valves can be left open when starting the engine. Air 
initially drawn into the engine 10 when starting the en- 
gine will flow through the compressor 18 into the air in- 
take line 22 without being charged (i.e., compressed). 
The air intake line 22 conveys the air into the engine (i. 
e., cylinder 12) where the air is then mixed with fuel and 
combusted to move a piston disposed within the cylin- 
der. The resulting exhaust gases are expelled from the 
engine into the exhaust line 26 which conveys the ex- 
haust gases to the turbine 20. The exhaust gases act 
on vanes within the turbine 20 to induce the turbine shaft 
to rotate. Rotation of the turbine shaft by the exhaust 
gases drives the compressor 1 8 so that air subseq uently 
flowing through the compressor can be compressed be- 
fore it enters the air intake line 22. 
[001 7] When engine loads increase to the point where 
operating conditions are such that NOx emissions may 
exceed specified levels, the EGR valve 36 is preferably 
opened to recycle a portion of the exhaust gases back 
through the engine. More specifically, a portion of the 
exhaust gas discharged from the engine is diverted from 
the first point 30 along the exhaust line 26 and conveyed 
through the EGR cooler 34 to the second point 32 on 
the intake line 22. The recycled exhaust gas then mixes 
with compressed air in the intake line 22 and is fed to 
the engine for combustion. In this manner, exhaust spe- 
cies which are still rich in nitrogen are reintroduced to 
the engine, lowering NO x emissions levels by lowering 
flame temperature. 

[0018] Recirculation of exhaust gases in the above 
manner can reduce air flow through the compressor 
such that surge margin becomes a concern. This is par- 
ticularly true when operating at relatively high compres- 
sor pressure ratios (e.g., greater than about 3.5:1 ) and 
lower engine speeds. When conditions are such that 
surge margin is deemed not to be adequate, air flow 
through the compressor can be increased by opening 
the bypass valve 44. For example, the engine control 
unit can be configured to open the bypass valve 44 when 
the surge margin is less than or equal to about 10% of 



the compressor map width. 

[0019] As mentioned above, the turbine inlet geome- 
try is chosen such that, when the bypass valve 44 is 
open, the pressure at the turbine inlet 21 will be lower 

5 than the pressure at the compressor outlet 1 9 so that a 
portion of the compressed air from the compressor 18 
will flow directly into the exhaust turbine 20 from the 
compressor via the bypass line 38. This increases air 
flow through the compressor 18 thereby increasing 

10 surge margin to an acceptable level, even at low engine 
speeds. Opening the bypass valve 44 can also cause 
the pressure at the turbine inlet 21 to decrease; howev- 
er, the compressed air that is not diverted through the 
bypass line 38 is subsequently cooled and passed 

15 through the venturi 46 where it is accelerated to reduce 
the pressure in the intake line 22 below the turbine inlet 
pressure so that exhaust gases continue to be diverted 
from the exhaust line 26 into the EGR line 28. The di- 
verted exhaust gas passes through the EGR cooler 34 

20 and into the intake manifold via the venturi 46, to mix 
with incoming air for combustion in the engine. Emis- 
sions from the engine are thus reduced without the sig- 
nificant reductions in air flow normally seen in turbo- 
charged engines with EGR. This ensures sufficient 

25 surge margin to permit operation over a range of inlet 
atrtemperatures and to accommodate periodic changes 
in airflow. 

[0020] A second embodiment of a turbocharged inter- 
nal combustion engine assembly with EGR according 

30 to the present invention is shown in FIG 2 at 50. Like the 
embodiment shown in FIG. 1 , the engine assembly in 
this second embodiment includes an engine 12 with at 
least one cylinder, and a turbocharger having an air 
compressor 1 8 driven by an exhaust turbine 20. The en- 

35 gine assembly also includes an air intake line 22 with a 
main cooler 24 that leads from the compressor outlet 1 9 
to the engine inlet 14, an exhaust line 26 that leads from 
the engine outlet 1 6 to the exhaust turbine inlet 21 , and 
a return line 28 with an EGR cooler 34 branching off from 

40 a first point 30 along the exhaust line and connecting 
with the air intake line at a point 32 upstream of the en- 
gine. Unlike the embodiment of FIG. 1 , however, the en- 
gine assembly in this second embodiment does not in- 
clude a venturi and the combustion bypass line 38 ex- 

45 tends directly from a point 40 along the air intake line 22 
to a point 42 along an extension 52 of the exhaust line 
extending from the exhaust turbine outlet 23 to the inlet 
54 of a power turbine 56. The power turbine 56 includes 
a shaft 57 that can optionally be coupled with the drive 

50 shaft of the engine to provide additional power to the 
engine. A valve 44 in the combustion bypass line 38 con- 
trols the amount of compressed air allowed to flow 
through the bypass line. 

[0021] By eliminating the venturi and attaching a pow- 
55 er turbine 56 to the turbine outlet 23 of the turbocharger, 
pressure in the exhaust line 26 at the turbine inlet 21 will 
be greater than pressure in the air intake line 22 down- 
stream of the cooler 24 so that exhaust gases will tend 
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to flow through the EGR line 28 when the EGR valve 36 
is open. In addition, expansion of the exhaust gases in 
the exhaust turbine 20 will result in a lowering of the 
pressure at the turbine outlet 23 such that the pressure 
in the turbine exhaust line 52 is lower than the pressure 
in the air intake line 22 thereby promoting the flow of 
compressed air from the compressor 18 to the turbine 
exhaust line when the combustion bypass valve 44 is 
open. This increases air flow through the compressor 
as in the previous embodiment thereby increasing effi- 
ciency and surge margin. 

[0022] A third embodiment of a turbocharged internal 
combustion engine assembly with EGR according to the 
present invention is shown in FIG. 3 at 60. The engine 
assembly in this third embodiment includes an engine 
12 with a plurality of cylinders, and a turbocharger hav- 
ing an air compressor 1 8 driven by an exhaust turbine 
20. The engine assembly also includes an air inlet line 
22 with a main cooler 24 that leads from the compressor 
18 to the engine. Unlike the previous embodiments, 
however, a plurality of exhaust lines lead from the en- 
gine to the turbine and a corresponding number of EGR 
return lines lead from the respective exhaust lines to the 
air inlet line via an EGR cooler. More specifically, a first 
exhaust line 26A leads from a first set of cylinders 12A 
to a first, high pressure inlet 21 A of the turbine and a 
second exhaust line 26B leads from a second set of cyl- 
inders 12B to a second, low pressure inlet 21 B of the 
turbine. The combustion bypass line 38 extends directly 
from the third point 40 along the air inlet line 22 to a 
fourth point 42A along the first exhaust line 26A. The 
EGR return lines 28A and 28B extend from points 30A 
and 30B along respective exhaust lines 26A and 26B to 
a common EGR cooler 34 and continue as a single re- 
turn line 28C from the cooler to the second point 32 
along the air intake line 22. Valves 36A and 36B control 
the flow of exhaust gases through the exhaust lines 26A 
and 26B, respectively. 

[0023] Due to the smaller turbine inlet area of the first 
turbine inlet nozzle 21 A, pressure in the first exhaust 
line 26A will be higher than pressure in the second ex- 
haust line 26B; however, the geometry of thefirst turbine 
inlet nozzle is chosen such that the pressure in the first 
exhaust line is lower than the pressure at the compres- 
sor outlet 1 9 so that compressed air will flow through the 
combustion bypass line 38 to the exhaust turbine 20 
when the combustion bypass valve 44 is open. In addi- 
tion, the geometry of the second turbine inlet nozzle 21 B 
is chosen such that the pressure in the second exhaust 
line 26B at point 30B is higher than the pressure in the 
air intake line 22 at point 32 so that exhaust gases will 
flow through the second EGR line 28B when the second 
EGR valve 36B is open. When conditions are such that 
it is desirable to recycle exhaust gases, the second EGR 
valve 36B is opened in the second EGR line 28B. Then, 
the combustion bypass valve 44 can be opened. Since 
the pressure in thefirst exhaust line 26A is already high- 
er than in the second exhaust line 26B, exhaust gases 



will flow through the first EGR line 28A when the EGR 
valve 36A is opened causing a greater portion of the ex- 
haust gases to be recycled. 

[0024] A fourth embodiment of a turbocharged inter- 
5 nal combustion engine assembly with EGR according 
to the present invention is shown in FIG. 4 at 70. Like 
the previous embodiments, the engine assembly in this 
fourth embodiment includes an engine 12 with one or 
more cylinders, and a turbocharger having an air com- 

io pressor 1 8 driven by an exhaust turbine 20. Like the em- 
bodiment of FIG. 1 , the engine assembly also includes 
an air inlet line 22 with a main cooler 24 that leads from 
the compressor outlet 1 9 to the engine inlet 14, an ex- 
haust line 26 that leads from the engine outlet 1 6 to the 

15 exhaust turbine inlet 21 , and an EGR return line 28 with 
a cooler 34 branching off from a first point 30 along the 
exhaust line and connecting with the air inlet line at a 
point 32 upstream of the engine. The engine assembly 
also includes a combustion bypass line 38 with a valve 

20 44 extending from a third point 40 along the air intake 
line 22 to a fourth point 42 along the exhaust line. Unlike 
the embodiment of FIG. 1 , however, the engine assem- 
bly in this fourth embodiment does not include a venturi 
and is provided with an orifice 72 in the exhaust line 26. 

25 The orifice 72 is located at a point along the exhaust line 
26 between the first and fourth points 30 and 42 corre- 
sponding to the upstream end of the EGR return line 
and the downstream end of the combustion bypass line, 
respectively. 

30 [0025] By placing an orifice 72 in the exhaust line 26, 
the pressure in the line upstream of the orifice is in- 
creased while the pressure in the line downstream of 
the orifice is decreased. The increase in pressure up- 
stream of the orifice 72 creates a pressure differential 

35 across the EGR line 28 causing exhaust gases to flow 
through the EGR line when the EGR valve 36 is open. 
Then, to increase air flow through the compressor 18, 
turbine inlet geometry is chosen so that the pressure in 
the exhaust line 26 downstream of the orifice 72 is lower 

40 than the pressure at the compressor outlet 1 9, thereby 
allowing compressed air to flow through the combustion 
bypass line 38 to the exhaust turbine 20 when the com- 
bustion bypass valve 44 is open. 

[0026] While the invention has been described in de- 
45 tail above, the invention is not intended to be limited to 
the specific embodiments as described. It is evident that 
those skilled in the art may now make numerous uses 
and modifications of and departures from the specific 
embodiments described herein without departing from 
50 the inventive concepts. For example, when a venturi 46 
is provided in the air intake line 22 to counteract the ef- 
fect of the bypass line on the flow of exhaust gases 
through the EGR line 28, a valved bypass line 74 can 
extend around the venturi as shown by broken lines in 
55 FIG. 5 to allow compressed air to flow into the engine 
without passing through the venturi if the pressure is al- 
ready low enough after the main cooler to induce flow 
through the EGR line. In another variation, one or more 
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2. The engine assembly of claim 1 , wherein said pres- 
sure adjusting feature is a venturi disposed at said 
second point. 

5 3. The engine assembly of claim 2, further comprising 
a cooler disposed along said exhaust gas recircu- 
lation line. 

4. The engine assembly of claim 3, further comprising 
10 a cooler aiong said air intake line. 

5. The engine assembly of claim 4, further comprising 
a valve disposed along said exhaust gas recircula- 
tion line. 

15 

6. The engine assembly of claim 5, further comprising 
a valve disposed along said combustion bypass 
line. 

20 7. The engine assembly of claim 1 , wherein said pres- 
sure adjusting feature includes a power turbine dis- 
posed along a portion of said exhaust gas line 
downstream of said exhaust gas turbine. 

25 8. The engine assembly of claim 7, wherein said fourth 
point is disposed aiong said portion of said exhaust 
gas line downstream of said exhaust gas turbine. 

9. The engine assembly of claim 7, further comprising 
30 a drive shaft coupled with said cylinder, wherein 
said power turbine is coupled with said drive shaft. 



9 

additional combustion bypass lines can be provided be- 
tween the inlet air line and the exhaust line. For exam- 
ple, respective bypass lines can terminate upstream 
and downstream of the turbine. 

[0027] It will be appreciated that the present invention 
can be implemented in turbocharged diesel engines as 
shown or in any other type of turbocharged internal com- 
bustion engine. The engine can have any number of cyl- 
inders. 

[0028] As mentioned above, any conventional turbo- 
charger and EGR components can be used. The turbo- 
charger can be a single stage turbocharger, a com- 
pound turbocharger, a series turbocharger, or any other 
type of turbocharger. The exhaust turbine can have a 
fixed inlet nozzle geometry or a variable inlet nozzle ge- 
ometry. Examples of suitable coolers for use in the air 
intake and/or EGR lines include, without limitation, shell 
and tube type coolers and fin and plate type coolers. 
Some examples of suitable valves for use in the EGR 
and/or bypass lines include modulated poppet-type 
valves, proportional solenoid valves and butterfly-type 
valves. 

[0029] Features of the various embodiments can be 
combined in any manner. For example, any of the em- 
bodiments can be modified to include a venturi, a power 
turbine, a split exhaust manifold and/or an orifice as de- 
scribed above. 



Claims 

1 . A turbocharged internal combustion engine assem- 
bly with exhaust gas recirculation comprising 

an internal combustion engine having an air in- 
take and an exhaust gas outlet; 
an exhaust gas turbine having a turbine inlet 
and a turbine outlet; 

an air compressor driven by said exhaust gas 
turbine; 

an air intake line extending from said compres- 
sor to said engine intake; 
an exhaust line extending from said exhaust 
gas outlet to said turbine inlet; 
an exhaust gas recirculation line extending 
from a first point on said exhaust line down- 
stream of said engine to a second point on said 
air intake line upstream of said engine; 
a combustion bypass line extending directly 
from a third point on said air intake line up- 
stream of said exhaust gas recirculation line to 
a fourth point on said exhaust line downstream 
of said exhaust gas recirculation line; and 
a pressure adjusting feature disposed along at 
least one of said air intake line and said exhaust 
gas line to maintain the pressure at said fourth 
point below the pressure at said third point and 
above the pressure at said second point. 



10. The engine assembly of claim 1 , wherein said ex- 
haust turbine includes a plurality of inlets having dif- 

35 ferent cross-sectional areas and said pressure ad- 
justing feature includes said turbine inlets, wherein 
said exhaust manifold includes a first manifold por- 
tion communicating with a first set of engine cylin- 
ders and a second manifold portion communication 
40 with a second set of engine cylinders, gas line ex- 
tends from a first set of cylinders to a first of said 
turbine inlets, and further comprising a second ex- 
haust gas line extending from a second set of cyl- 
inders to a second of said turbine inlets. 

45 

11. The engine assembly of claim 10, wherein said re- 
turn line extends from a fifth point on said first ex- 
haust gas line to a sixth point along said charging 
air line, and further comprising a second return line 

50 extending from a seventh point on said second ex- 
haust gas line to an eight point on said return line. 

12. The engine assembly of claim 1 , wherein said pres- 
sure adjusting feature is an orifice disposed along 

55 said exhaust gas line downstream of said first point 
and upstream of said third point. 

13. A method of operating a turbocharged internal com- 
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bustion engine with exhaust gas recirculation com- orifice, 
prising the steps of 



feeding exhaust gas from the engine to an ex- 
haust turbine via an exhaust line; 5 
compressing air with an air compressor pow- 
ered by the exhaust turbine; 
feeding compressed air from the air compres- 
sor to the engine via an air intake line; 
providing an exhaust gas recirculation line be- 10 
tween a first point on the exhaust line down- 
stream of the engine and a second point on the 
air intake line upstream of the engine; 
providing a combustion bypass line between a 
third point on the air intake line upstream of the is 
second point and a fourth point on the exhaust 
line downstream of the first point; and 
adjusting the pressure in at least one of the in- 
take air line and the exhaust line such that the 
pressure at the fourth point is below the pres- 20 
sure at the third point and above the pressure 
at the second point so that a first portion of the 
exhaust gas from the engine is mixed with a first 
portion of the compressed air from the com- 
pressor for combustion in the engine and a sec- 25 
ond portion of the compressed air is diverted 
from the air intake line to the exhaust line with- 
out subsequent combustion. 

14. The method of claim 13, wherein said pressure ad- zo 
justing step includes the step of passing the first 
compressed air portion through a venturi, wherein 

the second exhaust gas portion is mixed with the 
first compressed air portion in the venturi. 

35 

15. The method of claim 13, wherein said pressure ad- 
justing step includes the step of driving a power tur- 
bine with exhaust gases from the exhaust turbine 
via an extension of the exhaust line and connecting 

the combustion bypass lie with the exhaust line ex- 40 
tension. 



16. The method of claim 13, wherein said pressure ad- 
justing step includes the steps of feeding exhaust 
gases from a first set of cylinders to a first turbine 45 
inlet and feeding exhaust gases from a second set 
of cylinders to a second turbine inlet. 



1 7. The method of claim 1 6, wherein the second turbine 
inlet is smallerthan the first turbine inlet, and where- so 
in the first compressed air portion is mixed with ex- 
haust gases from the first set of cylinders. 

18. The method of claim 13, wherein said pressure ad- 
justing step includes the step of passing exhaust 55 
gases from the engine through an orifice in the ex- 
haust line such that the pressure downstream of the 
orifice is lower than the pressure upstream of the 
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(54) Turbocharged engine with exhaust gas recirculation 



(57) A turbocharged internal combustion engine as- 
sembly with exhaust gas recirculation (EGR) includes 
an air compressor driven by an exhaust turbine, an EGR 
line that diverts exhaust gases from an exhaust line 
leading from the engine to an air intake line leading to 
the engine from the compressor, and a combustion by- 
pass line that conveys compressed air from the com- 
pressor to the exhaust turbine without combustion. A 
pressure adjusting feature disposed along at least one 
of the air intake line and the exhaust line maintains the 



pressure at the turbine inlet below the pressure at the 
compressor outlet and above the pressure at the air inlet 
of the engine. Examples of suitable pressure adjusting 
features include a venturi placed in the air intake line at 
the second point, a power turbine located along the ex- 
haust line downstream of the exhaust turbine, a split ex- 
haust manifold feeding unequal turbine inlets, and an 
orifice located along the exhaust line between the EGR 
line and the bypass line. 
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